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A Novel Visual Servoing Method
Using QR Decomposition and Disturbance Observer
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Abstract : This paper proposes a visual servoing method based on QR decomposition and disturbance observer.
The QR decomposition factors the image feature Jacobian into a unitary matrix and an upper triangular matrix.
And it is shown that several performance indices such as measurement sensitivity of visual features, sensitivity of
the control to noise and controllability can be improved for any general image feature Jacobian by QR
decomposition and disturbance observer. To show the validity of the proposed approach, visual servoing with
stereo vision is carried out for a Samsung FARAMAN 6—axis industrial robot manipulator.
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Fig. 1. The block diagram of visual servoing
method using disturbance observer.

49 47 9ARE BF Uz B R =A@z
A

i

=0OR (7

1

7 o] wom, VPAY A £ vhEF L WAV Yok

c_.<0,.. (8)

max,A

c 9

min.A

v

o

min,

>

QL E3&ol AT vp7kR| 8] AnE 45 5 Sith
G4 B4 Azu|ete] EBolgkd F9l &% AAEE
=3 o] Fo=r)
w, =,/det(J,J;) =06,0,0,- 1o
+F ARAEE AFH vlFH AlAo] AojolA B &

¢ AXEE AEE Yehie A$ onk A% 4 9
$5 AAEE QrRE ) oF 49 Azt YP) EE o



464

Z} o]9]9] i AANE B3t o]E9 ghe] FEL
Aej2g) Bom FHL BEY FH 24 it

Hal 2: 999 mxn (m>nBEAL o] AFF o
2 SdolEid B8 #Zo]  QR#3 (orthonomal
triangular decomposition)@ 4 029 [11]1[12], 44
47t 94 RE B2 dz 98 R= B8A71 A &
6)7} o] Fod o5 22 JAZ dHsit

Ho';,; = HG.-,A an
I¥ 12 ALE QrREHS A7 BAZHVE ol &F A7
TF Y FAEE HoAEY
o714
&, AUEAY SE 99
C, : 94=R2) PID Aol

f; "QREHE o] &% QAL g JAEA =B,
J,. J' 2R A3ntE g 23],

J. AA =X AFv|qt

J , 1A CCD Fhdlzte] 94 574 Az,

&, noise : YN B0l o= G4 539 <3 A,

& 153 9N 59 s,
Q, ' A9 ¥ TH
P FAST|E ol A¥3le 2E BFEE A

J; Q¢ ol
a3 19 BE AE Oea gL JEEe £.8 Uehd
+ Slth

F=JJPJJ;. (12)

EE A9 & 2E 3 ff* £ cascaded&& 39,
A= (12)°l Jr 3 J;E post multiplication®t 27} 2
3, gt A|7E AAEE B8 g4 94 53 AF
Hig Alago 2 wgdnh 7Y 28 AldE 18 19 A
475 A2 571 AIARE RojFy olef figh d
& th 2t

éref 85 ~ 1~ ga
C,\ T, JPIT; >

39 2. 39 19 AZTE A2d3 574 FHE,
Fig. 2. The block diagram of equivalent visual
servoing system of the system in Fig. 1.

B2 Ao AT BEIE A REY N2UL

F=J,JRJ'T; 13)

Hof - Xts3k- AABSE =2X X6 H M6 2000.6

% ¥4 A% 25719 9 1F 298

F'=JJP"T; (14)
2 o9 J|ERES
F,=JJPJ'J (15)

3 2t} o] ojg3t] 13 18 A W o 2k

a9 3. @slE AZTE AlAEe] WA AR
Fig. 3. The block diagram of simplified visual
servoing system.

a9 39 A2¥4

rir

¢=lFeo @ -Fle,,
=Flr-g,+0,FF[¢_, (16)

2,0 =12 o

{o=FL., an

o fd, & Jgt J; & B3 AA Aojide o
o] uA Aok
E=7JPJ; (18)

Il AY ,

AtE QR E3g} AFBEIE o] &3 ALTE W
9 AT FEA4S Holrl ¢t 4 FARAMAN-
AS1 AE 6% 4 o #E 2R AHH 9
CCD M2} AM&-$ A2} 5 (stereo visual servoing)
£ ¢ ¥(eye—in—hand) FZF°| thste] APslzj1 ot

I3 45 AEE 93 A4 FAHARE RAEY. o7]A
2R F A7) VME-HAE 7|leg negdl
MVME172 42XE HFH 1o TMS320C30 DSP
24 A7) 20 AMEEIY AEEE HFEME
Wind RiverAle] Tornado AAIZF o}F &A% 294
E AMg3iglon Azt ¢l 9 ZdEE gEE A
Asle] TH vlZelE Sl 24 Aol HEZ Agdit,
43522 IBM PC Pentium 1I-350MHzol| AHH L
Az TEE A3 MatroxAte] Meteor ZEr TtX|E}o] A
BEE xkgate] itk AHES AZTEZolA Red$t
Green@ztell 24z} sholets Ad@ste] FA F W9 s
2@ GAE FUIAA Y e 5 ok olgA Al



Journal of Control, Automation and System Engineering, Vol. 6, No. 6, June, 2000 465

ERge B4 $ES Fol7] fate] 4 AnF olgat
o] MVME-172¢} TCP/IPH2 o2 FAls) AzZb4%
& 9% WEY NPE NTSC HlUe Nz +3 $7]
A5 2909 67msecol® 1Y 19 JJBEI|NA A}
g3 AAEH WHY BRFNEE A% TF AEY
A7) 1042 Rtk AMelNE C/CH+AE LR
Sgom Zze Aste] AREE AZE E 1% 2o
A ARE A £GAA FEE o] STk

l_ VME Bus
|

MyME TMS320 TMS320
172 C30 DSP C30 DSP

68060 Controller Controller

A
N
Tornado | ‘—’
Real Time Interface
Mul:—)lassklng Board FARA AS?

Contotier #1
—L 1 Mot [ #
tePiiP otor otor otar D
cPr Amp & Amp Amp |
IBM PC #1 #2 11 #3 |

with NT 0.8,

i \l@ pan e

Hub

¥ 4, 28 %
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Table 1. Computation time of stereo camera (error

range 2%).
time (msec)

I 3.747
T 3.997
J! 0.597
without DOB 4.497
with DOB 13.997
Visual Servoing 67.000

® 2. 94AY AL Az
Table 2. Image processing time.

time (msec)

Data communication time 1.788
(TCP/IP 10M)

Window size mono camera 2.14

10 x 10 pixels stereo camera 4.00

Window size mono camera 6.50

20 x 20 pixels stereo camera 13.30
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Fig. 5. Stereo camera.
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Fig. 6. Perspective image model of stereo camera.
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Fig. 7. Feature points on the stereo images of initial
position. (a) left camera, (b) right camera.
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Fig. 8. Feature points on the stereo images of goal

position. (a) left camera, (b) right camera.
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Fig. 9. Trajectories of the x coordinate of 1% feature
point on the left camera image.
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Fig. 10. Trajectories of the y coordinate of 1% feature
point on the right camera image.

X 3 2HHLY AZTE 23] RMS 7 U EF
#ae] vl (1/3).

Table 3. RMS average and standard deviation of visual
tracking errors of stereo camera (1/3).

Left camera | Left camera Right

x coord. y coord.
of 1¥ of 1*

point feature | point feature | point feature

Camera y
coord. of 1%

RMS with DOB 0.62 1.89 0.99
average | without DOB 2.19 351 4.32
(pixeD | decrement (%) |  71.69 46.15 76.85
Standard with DOB 0.50 1.25 0.80
deviation | without DOB 0.89 1.81 1.58
(vixel) | decrement (%) 43.82 30.94 49.37
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¥ 3 2HEe AE 92Xk RMS B 9 8t
9] Bl (2/3).

Table 3. RMS average and standard deviation of visual
tracking errors of stereo camera (2/3).

Left camera Left camera Right camera

xcoord of 2 ycoord.of ycoordonnj

point feature point feature point feature
RMS with DOB 101 081 111
average without DOB 4,36 0.96 399
®xed T gecrement %) | 7684 1563 7218
Standard | WithDOB 071 071 079
deviation without DOB 150 0.65 151
©ixed | “gecrement @) | 4267 —9.23 4768

E 3 2HELS AATFE exke] RMS H U X583
2] v (3/3).

Table 3. RMS average and standard deviation of visual
tracking errors of stereo camera (3/3).

Leftcamera | Leftcamera | Rightcamera

x coord. of y coord. of 3 | ycoord. of 3

point feature | point feature | point feature
RMS with DOB 0.66 0.75 0.84
average without DOB 114 0.63 230
®xe) | Derement @) | 4211 | -2097 | 6348
standard with DOB 0.56 0.61 063
deviation |  without DOB 063 049 1.05
®e) " pecrement (&) | 1L11 2000 | 4000

where decrement = (withoutDOB~with DOB) / without
DOB *100.0 %
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Fig. 11. Step response of the x coordinate of 1™
feature point on the left camera image.
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Fig. 12. Step resonse of the y coordinate of 1% feature
point on the left camera image.

E 4 2EEL ) A (1/3).
Table 4. The step response of stereo camera (1/3).

Leftcamera | Leftcamera | Right camera
xcoord. of 1* | yeoord of 1 | y coord. of 1%
point feature | point feature | point feature
ising with DOB 099 119 1.06
time | without DOB 1.59 205 1.92
(se0) e rement @)| 37.74 4195 4479
with DOB 52 37 31
Ov‘if;f)‘om without DOB | 001 37 3.1
Decrement (%)| —520.00 0.00 0.00
et with DOB 119 145 1.45
time | without DOB 238 2.77 268
(se0) | Docrement %)| 5000 4665 45.90

T 4 2HEL R A (2/3).
Table 4. The step response of stereo camera (2/3).

Left camera Leftcamera | Right camera
xooord. of 2* |y coord. of ¢ yooordonIﬂ
portt feature | pont feature | poirt feature
. . with DOB 0.99 0.99 1.13
rising
time Without DOB 1.59 1.39 2.05
(se0) | Decrement (%)|  37.74 28.78 4488
with DOB 59 105 3.2
overshoot | Without DOB 59 5.3 32
%) |Decrement )| 000 | —10000 | 000
setti with DOB 112 1.378 145
time Without DOB 1.85 204 257
(se0)  ecrement (%)| 3946 3245 4358
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¥ 5 AHdEL JHEke] Ads (3/3).
Table 5. The step response of stereo camera (3/3).

Left Left Right
camera camera | camera
x coord. of | y coord. | y coord.
3 of 3* of 3®
point point point
feature feature feature
. with DOB 1.06 1.19 1.12
rising
time without DOB 1.72 1.92 1.92
() I Decrement %) | 38.37 3802 | 4167
with DOB 40 9.52 6.7
overshoot without DOB 0.01 0.01 3.3
@ | Decrement ®%) | -40000 | —9520 | 79.70
with DOB 1.25 1.32 152
settling ™ ihout DOB 231 204 | 277
tine
(sec) Decrement (%) 45.89 35.30 4513

Mot - Xts8k- ANABDS =2X X6 H6S

where decrement=(withoutDOB—with DOB) / without
DOB * 100.0 %
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Fig. 13. Maximum singular values.
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